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1.  Avaliação de Tecnologias em Saúde (ATS) 
2.  Métodos para a ATS na imagem médica 
3.  Influência da ATS na imagem médica 
Objetivos 
–  Definir o conceito de Avaliação de Tecnologias em 
Saúde (ATS) 
–  Identificar métodos de pesquisa para ATS no âmbito 
da imagem médica 
–  Entender o valor de revisões sistemáticas e meta-
análise em ATS 
–  Compreender a influência da ATS na imagem 
médica 
Introdução 
–  Os sistemas de saúde em todo o mundo, estão 
confrontados com o desafio de como gerir a 
prestação de cuidados de saúde, em contexto de 
restrição de recursos 
–  Há uma necessidade de maximizar o impacto 
positivo das intervenções de cuidados de saúde na 
saúde da população 












–  O paradigma da ATS surgiu como uma resposta às 
perguntas dos decisores sobre a difusão 
incontrolada de equipamento médico dispendioso 
–  A ATS começou no início dos anos 1970, quando a 
rápida demanda por tomografia computadorizada 
se tornou uma questão de política pública devido 
ao seu elevado custo 
 
Jonsson E, Banta D. Management of health technologies: an international view. British Medical Journal, 1999, 319(7220):1293.  
WHO. (2011). Health technology assessment of medical devices - WHO Medical device technical series. Geneva: World Health Organization.  
Questões 
–  O que é a Avaliação de Tecnologias em Saúde 
(ATS)? 
–  Que métodos de pesquisa estão disponíveis para a 
ATS na imagem médica? 
–  Como é que a ATS pode influenciar a imagem 
médica? 
 
O que é a ATS? 
–  Qualquer intervenção que pode ser utilizada para 
promover a saúde, prevenir, diagnosticar ou tratar a 
doença, ou para a reabilitação, ou cuidados de longa 
duração 
–  Engloba os dispositivos médicos, desde os mais simples 
aos mais sofisticados sistemas de imagem médica; 
medicamentos; procedimentos médicos e cirúrgicos e os 
sistemas organizacionais e de suporte, em que esses 
cuidados são prestados 
 WHO. (2011). Health technology assessment of medical devices - WHO Medical device technical series. Geneva: World Health Organization.  
O que é a ATS? 
–  A avaliação sistemática das propriedades, efeitos e/ou impactos 
da tecnologia nos cuidados de saúde 
–  Pode tratar das consequências directas das tecnologias, bem 
como as suas consequências não intencionais, indiretas 
–  O seu principal objetivo é informar acerca da formulação de 
políticas relacionadas com a tecnologia na área da saúde 
–  É conduzida por grupos interdisciplinares utilizando quadros 
analíticos explícitos a partir de uma variedade de métodos 
WHO. (2011). Health technology assessment of medical devices - WHO Medical device technical series. Geneva: World Health Organization.  
Porquê a ATS? 
 
–  Pense numa tecnologia de imagem que 
teve uma evolução tecnológica 
assinalável nos últimos anos: 
•  Conseguimos entender o que eram a 
imagem e o diagnóstico há 40 anos atrás? 
2014 – TC-CE de perfusão 
com mapa de côr 
1971: primeira TC diagnóstica: 
Atkinson Morley's Hospital 
A avaliação de tecnologias em saúde e a 
difusão de tecnologias em saúde  
19WHO Medical device technical series
system, and slowing the uptake of 
technologies that seem promising but 
have persistent uncertainties.
For some, especially industry, HTA is 
perceived as a hurdle to the introduction 
of innovative technologies into the 
health system. In this perspective, HTA 
is sometimes classifi ed as the “fourth 
hurdle”, after the assessment of safety, 
efficacy and quality that are part of 
the regulatory requirements in many 
countries (17). This view of HTA as an 
additional hurdle is sometimes used as 
a synonym for an additional requirement 
of demonstrating cost-effectiveness 
for coverage decisions (18). The term 
“fourth hurdle” is most commonly used 
in relation to the coverage of new drugs, 
where it becomes increasingly evident 
that not only cost-effectiveness, but also 
budget impact is an important dimension 
in decision-making (19). However, it is 
becoming increasingly clear that HTA can 
be a highly benefi cial additional step for 
moving technologies from the laboratory 
to the bedside (20). 
There is general concern among medical 
device manufacturers about the timing 
of HTAs in relation to the innovation 
process. The 2008 Eucomed position 
paper on HTA states that:
Policy makers should consider 
the implications of HTA on the 
environment needed to foster 
innovation of medical devices. If 
HTA introduces significant new 
challenges to market entry then there 
is a potential that this may impact on 
the rate of innovation in the device 
sector which already faces a number 
of challenges. Intellectual property 
associated with medical devices 
is less well protected than patents 
on new medical compounds. In 
addition to this, medical device 
development is characterized by 
iterative improvement of technologies 
resulting in a more rapid life-cycle 
and increased competition (21).
Indeed, industry is one of the main 
contributors to innovation in health 
technology. However, the innovation 
process goes beyond the development 
of a new device for regulatory approval. 
Innovation comprises both invention and 
















Figure 6. Health technology assessment and diffusion of health technologies
A figura mostra o ciclo de vida natural das tecnologias em saúde 
 
WHO. (2011). Health technology assessm nt of medical devices - WHO Medical device technical series. Geneva: World Healt  Organization.  
Qual é a função da ATS?  
–  Tecnologia em Saúde é tudo aquilo que pode ser utilizado em 
procedimentos e processos médicos 
•  i.e. medicamentos, dispositivos, equipamentos e acessórios, 
procedimentos médicos e cirúrgicos, sistemas de apoio e sistemas 
organizacionais e de gestão 
Rogalewicz, V., Ujhelyiova, A., Pousek, L., Sinkorova, V., & Kneppo, P. (2011). Health Technology Assessment and medical devices. E-Health and Bioengineering Conference (EHB), 2011.  
Qual é a função da ATS? 
–  Inclui a avaliação da eficácia e eficiência dos equipamentos e 
das técnicas 
•  Eficácia - obtenção da melhoria da saúde pela aplicação da ciência e da 
tecnologia nas condições mais favoráveis (controladas) 
•  Eficiência - Capacidade em reduzir os custos dos cuidados, sem diminuir 
a efectividade destes 
–  Compreende vários métodos para avaliar tecnologias em 
saúde 
Probst, H., & Brealey, S. (2010). Health technology assessment. In A. Ramlaul (Ed.), Medical Imaging and Radiotherapy Research - Skills and Strategies. 
London: Churchill Livingstone - Elsevier.  
Technical performance 
•  Does MRI reliably result in good quality images which 
are anatomically representative? 
Diagnostic performance 
•  Do the images produced allow accurate diagnoses to 
be made? 
Diagnostic impact 
•  Does MRI change diagnostic confidence and displace 
other investigations? 
Therapeutic impact 
•  Do the results of MRI contribute to planning and 
delivery of therapy? 
Patient outcome 
•  Does the use of MRI contribute to the improved health 
of a patient? 
Societal 








avaliação da eficácia 
das tecnologias de 
diagnóstico: 
exemplo da RM 
Adapted from: 
Probst, H., & Brealey, S. (2010). Health technology assessment. In A. Ramlaul (Ed.), Medical Imaging and Radiotherapy Research - Skills and Strategies. 
London: Churchill Livingstone - Elsevier.  
Métodos para ATS em imagem 
médica 
–  Tipologias 
•  Testes de diagnóstico 
•  Ensaios clínicos aleatórios 
•  Avaliação económica 
•  Revisões sistemáticas e meta-análise 
Adapted from: 
Probst, H., & Brealey, S. (2010). Health technology assessment. In A. Ramlaul (Ed.), Medical Imaging and Radiotherapy Research - Skills and Strategies. 
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Abstract
Objectives The purpose of this study was to evaluate lesion
conspicuity achieved with five different iterative reconstruc-
tion techniques from four CT vendors at three different dose
levels. Comparisons were made of iterative algorithm and
filtered back projection (FBP) among and within systems.
Methods An anthropomorphic liver phantom was examined
with four CT systems, each from a different vendor. CTDIvol
levels of 5 mGy, 10 mGy and 15 mGy were chosen. Images
were reconstructed with FBP and the iterative algorithm on
the system. Images were interpreted independently by four
observers, and the areas under the ROC curve (AUCs) were
calculated. Noise and contrast-to-noise ratios (CNR) were
measured.
Results One iterative algorithm increased AUC (0.79, 0.95,
and 0.97) compared to FBP (0.70, 0.86, and 0.93) at all dose
levels (p<0.001 and p=0.047). Another algorithm increased
AUC from 0.78 with FBP to 0.84 (p=0.007) at 5 mGy.
Differences at 10 and 15 mGy were not significant (p-values:
0.084–0.883). Three algorithms showed no difference in AUC
compared to FBP (p-values: 0.008–1.000). All of the algo-
rithms decreased noise (10–71 %) and improved CNR.
Conclusions Only two algorithms improved lesion detection,
even though noise reduction was shown with all algorithms.
Key Points
• Iterative reconstruction algorithms affected lesion detection
differently at different dose levels.
• One iterative algorithm improved lesion detectability com-
pared to filtered back projection.
• Three algorithms did not significantly improve lesion
detectability.
• One algorithm improved lesion detectability at the lowest
dose level.
Keywords Computed tomography . Image reconstruction .
Radiological phantom . Liver
Introduction
In order to improve visualization of pathology without in-
creasing radiation exposure to the patient, CT vendors have
developed new reconstruction techniques such as iterative
reconstruction algorithms. According to the vendors, iterative
reconstruction improves image quality, and thereby radiation
dose can be reduced compared to the standard reconstruction
technique, filtered back projection (FBP), [1–4]. The new
reconstruction techniques may have an effect on image texture
and diagnostic image quality [5–8], however, and there may
be inter-vendor differences. Therefore, it is important to test
new techniques before implementing them in clinical routine.
FBP has been the primary image reconstruction technique
in CT [9, 10]. Simplifications in technique have improved
speed and reduced power consumption, but artefacts and
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ATS com ensaios clínicos aleatórios 
–  Definem geralmente: 
•  O objetivo do estudo 
•  Como os participantes são expostos à intervenção 
•  O número de participantes 
•  Como a intervenção é avaliada 
Probst, H., & Brealey, S. (2010). Health technology assessment. In A. Ramlaul (Ed.), Medical Imaging and Radiotherapy Research - Skills and Strategies. 
London: Churchill Livingstone - Elsevier.  






–  Lidar com os custos e resultados das 
atividades 
–  A finalidade básica de uma avaliação 
económica é identificar, medir, avaliar e 
comparar os custos e as alternativas 
Probst, H., & Brealey, S. (2010). Health technology assessment. In A. Ramlaul (Ed.), Medical Imaging and Radiotherapy Research - Skills and Strategies. 




Westwood, M., Al, M., Burgers, L., Redekop, K., Lhachimi, S., Armstrong, N., … Kleijnen, J. (2013). A systematic review and economic evaluation  
of new-generation computed tomography scanners for imaging in coronary artery disease and congenital heart disease: Somatom Definition Flash, Aquilion ONE, 
Brilliance iCT and Discovery CT750 HD. Health Technology Assessment, 17(9), 1–243.  
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97.7% [95% confidence interval (CI) 88.0% to 99.9%], 97.7% (95% CI 93.2% to 99.3%) 
and 96.0% (95% CI 88.8% to 99.2%) for patients with arrhythmias, high heart rates and 
previous stent, respectively. The corresponding estimates of specificity were 81.7% 
(95% CI 71.6% to 89.4%), 86.3% (95% CI 80.2% to 90.7%) and 81.6% (95% CI 74.7% to 
87.3%), respectively. In patients with high coronary calcium scores, previous bypass grafts 
or obesity, only per-segment or per-artery data were available. Sensitivity estimates 
remained high (> 90% in all but one study). In patients with suspected CAD, the NGCCT-
only strategy appeared most cost-effective; the incremental cost-effectiveness ratio (ICER) 
of NGCCT–ICA compared with NGCCT only was £71,000. In patients with known CAD, the 
most cost-effective strategy was NGCCT–ICA (highest cost saving, dominates ICA only). 
The ICER of NGCCT only compared with NGCCT–ICA was £726,230. For radiation 
exposure only, the ICER for NGCCT compared with 64-slice CT in congenital heart disease 
ranged from £521,000 for the youngest patients to £90,000 for adults.
Limitations: Available data were limited, particularly for obese patients and patients with 
previous bypass grafts. All studies of the accuracy of NGCCT assume that the reference 
standard (ICA) is 100% sensitive and specific; however, there is some evidence that ICA 
may sometimes underestimate the extent and severity of stenosis. Patients with more than 
one criterion that could contribute to difficulty in imaging were often excluded from studies; 
the effect on test accuracy of multiple difficult to image criteria remains uncertain.
Conclusions: NGCCT may be sufficiently accurate to diagnose clinically significant CAD in 
some or all difficult-to-image patient groups. Economic analyses suggest that NGCCT is 
likely to be considered cost-effective for difficult-to-image patients with CAD, at current 
levels of willingness to pay in the NHS. For patients with suspected CAD, NGCCT only 
would be most favourable; for patients with known CAD, NGCCT–ICA would be most 
favourable. No studies assessing the effects of NGCCT on  therapeutic decision making, or 
subsequent patient outcomes, were identified. The ideal study to address these questions 
would be a large multi-centre RCT. However, one possible alternative might be to establish 
a multicentre tracker study. High-quality test accuracy studies, particularly in obese 
patients, patients with high coronary calcium, and those with previous bypass grafts are 
needed to confirm the findings of our systematic review. These studies should include 
patients with multiple difficult to image criteria.
Funding: The National Institute for Health Research Health Technology Assessment 
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Revisões sistemáticas e  
meta-análise 
 
–  O que é uma revisão sistemática? 
–  O que é uma meta-análise? 
–  Como fazer? 
Hierarquia de tipos de estudo 
Meta-analysis 
Systematic review 
Randomized controlled trial 
Cohort study 
Case control study 
Case series/case reports/expert opinion 
Animal research 
In vitro research 
Hierarquia da evidência 
 Adapted from: 
Marshall, G., & Sykes, A. E. (2011). Systematic reviews: A guide for radiographers and other health care professionals. Radiography, 17(2), 158–164.  
Haidich, A.-B. (2010). Meta-analysis in medical research. Hippokratia, 14(Suppl 1), 29–37.  
Revisões sistemáticas e  
meta-análise – princípios básicos comuns 
 
-  Identificar literatura relevante - selecione artigos 
relevantes 
-  Avaliar criticamente os artigos 
-  Identificar padrões gerais de resultados 
-  Identificar discordâncias cruciais e controvérsias 
-  Propor explicações válidas para as discordâncias 
-  Fornecer um resumo claro sobre o estado-da-arte 
Polgar, S., & Thomas, S. A. (2008). Synthesis of research evidence. In Introduction to Research in the Health Sciences (5th ed.). Sydney: Churchill Livingstone - Elsevier. 
 Revisões sistemáticas e  
meta-análise – princípios 
básicos comuns 
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Computer-aided detection in breast MRI: a systematic
review and meta-analysis
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Abstract
Objectives To evaluate the additional value of computer-
aided detection (CAD) in breast MRI by assessing radiol-
ogists’ accuracy in discriminating benign from malignant
breast lesions.
Methods A literature search was performed with inclusion
of relevant studies using a commercially available CAD
system with automatic colour mapping. Two independent
researchers assessed the quality of the studies. The accuracy
of the radiologists’ performance with and without CAD was
presented as pooled sensitivity and specificity.
Results Of 587 articles, 10 met the inclusion criteria, all of
good methodological quality. Experienced radiologists
reached comparable pooled sensitivity and specificity
before and after using CAD (sensitivity: without CAD:
89%; 95% CI: 78–94%, with CAD: 89%; 95%CI: 81–94%)
(specificity: without CAD: 86%; 95% CI: 79–91%, with
CAD: 82%; 95% CI: 76–87%). For residents the pooled
sensitivity increased from 72% (95% CI: 62–81%) without
CAD to 89% (95% CI: 80–94%) with CAD, however, not
significantly. Concerning specificity, the results were
similar (without CAD: 79%; 95% CI: 69–86%, with
CAD: 78%; 95% CI: 69–84%).
Conclusions CAD in breast MRI has little influence on the
sensitivity and specificity of experienced radiologists and
therefore their interpretation remains essential. However,
residents or inexperienced radiologists seem to benefit from
CAD concerning breast MRI evaluation.
Keywords Magnetic resonance imaging . Breast .
Computer aided detection . CAD .Meta-analysis
Introduction
Dynamic contrast-enhanced Magnetic Resonance Imaging
(MRI) is increasingly used to evaluate pathological features
of the breast. Applications for MRI of the breast include
diagnostic and screening indications [1–6]. Image analysis
is based on the enhancement pattern of lesions in dynamic
breast MRI and on morphological characteristics [7–9].
Using those two criteria for the interpretation of the images,
breast MRI has a very high sensitivity, which usually
exceeds 90% [10–12] and a negative breast MRI shows a
sufficient high negative predictive value (NPV) (97%) to
safely rule out malignancy [13–15]. However, breast MRI
has several limitations, the overall reported specificity
varies between 67% and 72%, which therefore results in a
high number of false-positive results [10, 12, 16]. Further-
more, MRI requires significant time for image acquisition,
processing and interpretation [17, 18]. In order to try to
overcome those limitations, Computer Aided Detection
(CAD) programs for MR imaging of the breast have been
developed [18]. In general, CAD software was developed to
identify suspect features on the image and bring them to the
attention of the radiologist, in order to decrease false-
negative readings [19]. However, in breast MRI, most
lesions were regarded as having already been detected by
the radiologist. Therefore, the primary aim to develop CAD
for breast MRI was not to identify lesions, but to assist the
radiologist in determining which lesions are benign and
which are malignant.
Computer-aided detection systems automate many pro-
cessing and analysis functions, which would normally have
M. D. Dorrius (*) :M. C. J.-v. der Weide : P. M. A. van Ooijen :
R. M. Pijnappel :M. Oudkerk
Department of Radiology, Center for Medical Imaging,
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summary sensitivity and specificity were calculated, and a
summary ROC curve was drawn (with AUC and confi-
dence intervals). A forest plot was generated containing the
individual study sensitivities and specificities with 95%
confidence intervals (CI) and the pooled sensitivity and
specificity estimates.
A test for heterogeneity was applied, using the I2 statistic
[32]. This statistic calculates the percentage of total
va iation across s udies that can be attributed to inter-
study heterogeneity, ranging from 0 (no heterogeneity) to
100% (all variance due to heterogeneity). The presence of
publication bias was visually assessed by producing a
funnel plot. In STATA linear regression was performed of
log odds ratios on the inverse root of effective sample sizes
as a test for funnel plot asymmetry. The log odds ratios are
defined as the log transformed diagnostic odds ratios,
which are needed for the performance of linear regression.
Publication bias was considered present if there was a
significant non-zero slope coefficient, (p<0.10), suggesting
that only the small studies reporting a high sensitivity with
CAD had been published, whereas the small studies
reporting a lower sensitivity had not been published. Data
were analysed in SPSS 16.0 (SPSS, Chicago, IL, USA),
Meta Disc [33] and STATA SE version 11.0 (STATA,
College Station, TX, USA).
Results
Study descriptives
The 10 studies included a total of 895 patients (range 29–
329) with a total of 1264 breast lesions (range 33–469) of
which 606 were classified as malignant (range 9–279) and
658 as benign (range 22–190) [20–29].
In 5 [23, 24, 26–28] studies a selection was made of
patients with suspect findings based on mammography and
ultrasound examinations. In the other 5 studies [20–22, 25,
29] patients with a suspect lesion on MRI were included. One
of these 5 studies retrospectively searched the database of an
ongoing MRI screening study of patients at high risk of breast
cancer for BIRADS 3–5 lesions that were detected with MRI
[22], and 2 studies included lesions that were not palpable
and were not visible on mammography or ultrasound [20,
21]. In all 10 studies histology was used as the gold standard.
In 4 studies a follow-up MRI after 6 or 24 months was
performed [23, 25, 28, 29]; in th case of positive findings
biopsy provid d f rth r hist i al assessment.
Mean study quality was 12.6, rangi g from 10 to 14. Four
studies were of maximum quality (Table 1) [20, 21, 26, 27].
CAD systems
In all 10 studies the CAD systems (CADstream, DynaCAD,
Fulltime point, 3-Time-Point Method and CAD-Gaea) incor-
porated precontrast medium (unenhanced) images and 2
(immediate and delayed) or all postcontrast medium (en-
hanced) images. The CAD systems compared pixel intensity
values on the precontrast medium and immediated postcontrast
medium series. If a pixel value increased above a user-
specified minimum enhancement threshold, such as a 50 or
100% i cre se in enhancement, the pixel was regarded as
meeting threshold enhancement. Once a pixel was identified as
enhancing above the established threshold, the CAD systems
compared pixel signal intensity values on the immediate and
delayed postcontrast medium series to indicate washout
enhancement, plateau enhancement or persistent enhancement.
A specific colour or colour intensity was assigned to each pixel
for different types of tissue enhancement. The end result of all
CAD systems was a colour overlay on each MRI slice
Search result: n= 587 
(319 Pubmed; 268 Embase) 
Excluded based on title: n= 519 
Papers retrieved for more 
detailed evaluation 
(n=56) 
Selection based on full paper 
(n=27) 
Excluded (n=29) 
- technical paper: 20 
- overview: 8 
- case report: 1 
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- Institution-specific CAD systems 
Included in the review 
(n=10) 
12 duplicates
Fig. 1 Flow chart of search results, with reasons for exclusion and the
total number of studies included
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Revisão sistemática 
–  Revisão formal da evidência sobre um determinado tópico 
com uma pergunta de partida específica, com uma 
estratégia de pesquisa detalhada que permita a replicação 
–  Envolve a seleção de aspetos-chave das publicações, 
tais como metodologia, características dos sujeitos, 
medidas utilizadas em outros estudos (avaliação 
qualitativa) 
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a b s t r a c t
Background: When presenting to an imaging department, the person who is to be imaged is often in
a vulnerable state, and can experience the scan in a number of ways. It is the role of the radiographer to
produce a high quality image and facilitate patient care throughout the imaging process. A qualitative
systematic review was performed to synthesise the existent evidence on the patient experience of high
technology medical imaging. Only papers relating to Magnetic Resonance Imaging (MRI) and Computed
Tomography (CT) were identiﬁed.
Inclusion criteria: Studies that were of a qualitative design that explored the phenomenon of interest, the
patient experience of high technology medical imaging. Participants included anyone who had under-
gone one of these procedures.
Methods: A systematic search of medical and allied health databases was conducted. Articles identiﬁed
during the search process that met the inclusion criteria were then critically appraised for methodo-
logical quality independently by two reviewers.
Results: During the search and inclusion process, 15 studies were found that were deemed of suitable
quality to be included in the review. From the 15 studies, 127 ﬁndings were extracted from the included
studies. These were analysed in more detail to observe common themes, and then grouped into 33
categories. From these 33 categories, 11 synthesised ﬁndings were produced. The 11 synthesised ﬁndings
highlight the diverse, unique and challenging ways in which people experience imaging with MRI and CT
scanners.
Conclusion: The results of the review demonstrate the diverse ways in which people experience medical
imaging. All health professionals involved in imaging need to be aware of the different ways each patient
may experience imaging.
! 2011 The College of Radiographers. Published by Elsevier Ltd. All rights reserved.
Introduction
Medical imaging is an ever changing and advancing ﬁeld, with
signiﬁcant advancements in imaging techniques and technologies
over the years. The amount of imaging and the subsequent costs
associated with it have been rising rapidly in many parts of the
world for the last 30 years,1,2 leading to a larger percentage of
people being exposed to these different imaging modalities.3
However, these advancements in imaging technology do not
necessarily guarantee a similar advance in patient care.4 High
technology imaging in particular, such as Computed Tomography
(CT), Magnetic Resonance Imaging (MRI), Positron Emission
Tomography (PET) and Single Photon Emission Computed Tomog-
raphy (SPECT), have seen signiﬁcant increases in their use.1 These
scans are more complex than some other medical imaging proce-
dures, and can be more difﬁcult to conduct, which may have an
effect on the holistic care of the patient, as it distances the radi-
ographer from the patient.5 Consequently, the patient and patient
care can often be ignored or overlooked, as the focus of the radi-
ographer can be directed largely towards the technology and not
the patient.6 Healthcare professionals involved in patient care may
unwittingly objectify patients, and not necessarily see them as
people in pain or distress, but as problems needing solving.7 As
imaging is essentially a ‘hit and run’ process,8 the patient can
sometimes be seen as just a translucent screen upon which the
health professional peers to ﬁnd a diagnostic entity within,9 and
the body is perceived differently by the patient and the practi-
tioner.7 It is however imperative that imaging staff remember that
q This is an abridged report of a full systematic review located in the Joanna
Briggs Library of Systematic Reviews, accessible online at: http://connect.
jbiconnectplus.org/JBIReviewsLibrary.aspx.
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they meet patients at a critical time in their life,10 and through
studies such as those included in this review, gain a better under-
standing of the experience of their patients, with the hope of
improving practice.
Research in imaging
In the past, there has been an emphasis on quantitative research
designs in medical imaging, resulting in a signiﬁcant lack of liter-
ature on the exp rience of the individual that is undergoing
examination.11 Research in medical imaging largely stems from the
positivist paradigm, where hypotheses are tested through quanti-
tative research designs.12 This may stem from the historical domi-
nance of the medical profession in medical imaging.13,14 However,
quantitative research designs are not always suitable to answer all
questions generated from the medical imaging process, as they are
limited to observations and data that can be measured and ana-
lysed mathematically using statistical methods.15 For questions
looking at experience, perception, meanings, understanding and
acceptance of imaging, qualitative methodologies are the most
appropriate approach for enquiry.6,15 It is thought that the infor-
mation generated from qualitative studies will support health
professionals when dealing with patients, and assist in improving
communication with the patient and in understanding and
addressing their concerns, making the procedure more acceptable
to the patient.15 In recent times t has been identiﬁed that there is
a role for qualitative research in medical imaging, as the paradigm
shifts from technology-focussed to patient-focussed research.16,17
The aim of this research is to ‘more clearly deﬁne what radiogra-
phers do and how they do it’6 (p. 194). Equally important, and also
included in the aims of this project, is the need to identify issues
relating to the patient inmedical imaging, and the need to highlight
the patient’s experience and perspective of health care.6
The qualitative systematic review
Interest in practising evidence-based medicine (a term ﬁrst
coined in 1992),18 and evid nce-based healthcare, as increased
exponentially since the 1990s. Evidence-based medicine has been
deﬁned as ‘the conscientious, explicit, and judicious use of current
best evidence in making decisions about the care of individual
patients.19’ Systematic reviews can be seen as the pillar on which
evidence-based healthcare rests, as they provide health profes-
sionals with a comprehensive synthesis of the existent literature on
a certain healthcare topic.19e21 Evidence-based organisations such
as the Cochrane Collaboration and the Joanna Briggs Institute, both
established in the 1990s, have been set up to develop methodolo-
gies and guidance on th process of systematic reviews. The
applicability, importance and need for systematic reviews for
medical imaging professionals has been stressed in previous arti-
cles,20,22,23 and t re does exist published examples in radiog-
raphy24 and radiotherapy.25 However; the focus of these reviews
are all quantitative in nature. Qualitative systematic reviews also
play an important role in evidence-based healthcare, to inform
healthcare professionals regarding issues that are not conducive to
empirical research methods.21
The patient experience
When presenting to an imaging department, the person who is
to be imaged is often in a vulnerable state, and out of their comfort
zone. It is the role of the radiographer to produce a high quality
image and facilitate patient care throughout the imaging process.
Qualitative research is necessary to better inform the radiographer
and to help them to understand the experience of the person being
imaged.11 Some issues that have been identiﬁed in the literature
include fear,26 claustrophobia,27 dehumanisation,28 and an
uncomfortable or unusual experience.29 There is now a small but
worthwhile qualitative literature base focussing on the patient
experience in medical imaging. As far as we are aware, there is no
other qualitative synthesis of the literature on the patient experi-
ence in medical imaging. It is therefore timely and worthwhile to
produce a systematic review to identify and summarise the existent
literature exploring the patient experience of diagnostic imaging.
Methods
A qualitative systematic review was conducted according to the
methodology of the Joanna Briggs Institute. The Joanna Briggs
Institute is a not-for-proﬁt research institute committed to the
translation of evidence into practice.30 The Joanna Briggs Institute’s
approach was chosen as it is a leader in conducting systematic
reviews, particularly those of qualitative evidence.30 Prior to con-
ducting the review, a protocol was developed outlining the scope and
methods of the review which was submitted to the Joanna Briggs
Institute; the protocol was then approved and the review conducted.
Review objectives
The objective of this systematic review was to identify and
describe from the available literature the experience and percep-
tions of people undergoing diagnostic imaging with high technol-
ogies, such as Magnetic Resonance Imaging, Computed
Tomography, and Nuclear Medicine procedures. The question that
the researchers were seeking to answer was: ‘How do patients/
clients being scannedwith high technology imaging experience the
imaging procedure?’
Criteria for considering studies for this review
Types of studies
This review considered studies that focused on qualitative data
or i cluded a qualitative aspect, including, but not limited to,
designs such as phenomenology, ground theory, ethnography,
action research, qualitative descriptive studies, and feminist
research. These were limited to English language studies, with no
time limit.
Types of participants
This review included publications that included persons of any
age who had undergone high technology medical imaging. These
participants may have received medical imaging for a wide range of
indications, and may have any pre-existing conditi n or disability.
Phenomena of interest
This review considered studies that inv stigated the patient
experience of diagnostic imaging using high technology imaging,
and the meaningfulness of that experience. Advanced, high tech-
nology imaging procedures are increasingly prevalent scans and
there is rapid growth in these imaging modalities.3 MRI, CT, PET a d
SPECT are the procedures considered high technology or advanced
medical imaging,1,3,26 and were searched for particularly. Standard
digital radiography was not included. All diagnostic imaging proce-
dures included in this review were non-invasive or minimally inva-
sive. Interventional diagnostic procedures were not included, as their
experience may be considerably different due to the invasive nature.
Search strategy
The search strategy aimed to ﬁnd both published studies and
grey literature, as advised by the Joanna Briggs Institute,30 and was
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phers do and how they do it’6 (p. 194). Equally important, and also
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Background: When presenting to an imaging department, the person who is to be imaged is often in
a vulnerable state, and can experience the scan in a number of ways. It is the role of the radiographer to
produce a high quality image and facilitate patient care throughout the imaging process. A qualitative
systematic review was performed to synthesise the existent evidence on the patient experience of high
technology medical imaging. Only papers relating to Magnetic Resonance Imaging (MRI) and Computed
Tomography (CT) were identiﬁed.
Inclusion criteria: Studies that were of a qualitative design that explored the phenomenon of interest, the
patient experience of high technology medical imaging. Participants included anyone who had under-
gone one of these procedures.
Methods: A systematic search of medical and allied health databases was conducted. Articles identiﬁed
during the search process that met the inclusion criteria were then critically appraised for methodo-
logical quality independently by two reviewers.
Results: During the search and inclusion process, 15 studies were found that were deemed of suitable
quality to be included in the review. From the 15 studies, 127 ﬁndings were extracted from the included
studies. These were analysed in more detail to observe common themes, and then grouped into 33
categories. From these 33 categories, 11 synthesised ﬁndings were produced. The 11 synthesised ﬁndings
highlight the diverse, unique and challenging ways in which people experience imaging with MRI and CT
scanners.
Conclusion: The results of the review demonstrate the diverse ways in which people experience medical
imaging. All health professionals involved in imaging need to be aware of the different ways each patient
may experience imaging.
! 2011 The College of Radiographers. Published by Elsevier Ltd. All rights reserved.
Introduction
Medical imaging is an ever changing and advancing ﬁeld, with
signiﬁcant advancements in imaging techniques and technologies
over the years. The amount of imaging and the subsequent costs
associated with it have been rising rapidly in many parts of the
world for the last 30 years,1,2 leading to a larger percentage of
people being exposed to these different imaging modalities.3
However, these advancements in imaging technology do not
necessarily guarantee a similar advance in patient care.4 High
technology imaging in particular, such as Computed Tomography
(CT), Magnetic Resonance Imaging (MRI), Positron Emission
Tomography (PET) and Single Photon Emission Computed Tomog-
raphy (SPECT), have seen signiﬁcant increases in their use.1 These
scans are more complex than some other medical imaging proce-
dures, and can be more difﬁcult to conduct, which may have an
effect on the holistic care of the patient, as it distances the radi-
ographer from the patient.5 Consequently, the patient and patient
care can often be ignored or overlooked, as the focus of the radi-
ographer can be directed largely towards the technology and not
the patient.6 Healthcare professionals involved in patient care may
unwittingly objectify patients, and not necessarily see them as
people in pain or distress, but as problems needing solving.7 As
imaging is essentially a ‘hit and run’ process,8 the patient can
sometimes be seen as just a translucent screen upon which the
health professional peers to ﬁnd a diagnostic entity within,9 and
the body is perceived differently by the patient and the practi-
tioner.7 It is however imperative that imaging staff remember that
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ﬁndings from CT and MRI were combined in this review, as th y
were in some of the studies. This was done as it was felt many of the
individual ﬁndings were complementary, and could be experienced
in both imaging settings, and it was felt the synthesised ﬁndings
were applicable to both modalities. The eventual synthesised
ﬁndings appear to be general across high technology imaging, and
are not speciﬁc to any one modality. However, for clarity’s sake,
when reporting ﬁndings from studies that explored the experi-
ences of patients in MRI and CT scanners jointly, every effort has
been made to distinguish which scan was experienced. If the
Table 2
Included Studies.




Qualitative study Semi-structured interview
Analysed according
to a template analysis
Consistent with themes
speciﬁed in interview guide
10 adult patients MRI 1. Patient’s experiences of MRI
2. Assess the value of written
information
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Meta-análise 
–  Procedimento sistemático para resumir os 
resultados publicados a partir de um conjunto 
de trabalhos de investigação 
–  Consiste numa agregação dos resultados de 
vários artigos numa única análise estatística 
(avaliação quantitativa) 
Polgar, S., & Thomas, S. A. (2008). Synthesis of research evidence. In Introduction to Research in the Health Sciences (5th ed.). Sydney: Churchill Livingstone - Elsevier. 
Meta-análise 
–  Combina o resultado de todos os estudos 
incluídos, que são comparáveis 
Probst, H., & Brealey, S. (2010). Health technology assessment. In A. Ramlaul (Ed.), Medical Imaging and Radiotherapy Research - Skills and Strategies. 
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BACKGROUND AND PURPOSE: In recent years, the role of CTA and CTP for vasospasm diagnosis in the
setting of ASAH has been the subject of many research studies. The purpose of this study was to
perform a meta-analysis of the diagnostic performance of CTA and CTP for vasospasm in patients with
ASAH by using DSA as the criterion standard.
MATERIALS AND METHODS: The search strategy for research studies was based on the Cochrane
Handbook for Systematic Reviews, including literature data bases (PubMed, Embase, Cochrane
Database of Systematic Reviews, and the Web of Science) and reference lists of manuscripts
published from January 1996 to February 2009. The inclusion criteria were the following: 1) published
manuscripts, 2) original research studies with prospective or retrospective data, 3) patients with ASAH,
4) CTA or CTP as the index test, and 5) DSA as the reference standard. Three reviewers independently
assessed the quality of these research studies by using the QUADAS tool. Pooled estimates of
sensitivity, specificity, LR!, LR", DOR, and the SROC curve were determined.
RESULTS: CTA and CTP searches yielded 505 and 214 manuscripts, respectively. Ten research studies
met inclusion criteria for each CTA and CTP search. Six CTA and 3 CTP studies had sufficient data for
statistical analysis. CTA pooled estimates had 79.6% sensitivity (95% CI, 74.9%–83.8%), 93.1%
specificity (95% CI, 91.7%–94.3%), 18.1 LR! (95% CI, 7.3–45.0), and 0.2 LR" (95% CI, 0.1–0.4); and
CTP pooled estimates had 74.1% sensitivity (95% CI, 58.7%- 86.2%), 93.0% specificity (95% CI,
79.6%–98.7%), 9.3 LR! (95% CI, 3.4–25.9), and 0.2 LR" (95% CI, 0.04–1.2). Overall DORs were
124.5 (95% CI, 28.4–546.4) for CTA and 43.0 (95% CI, 6.5–287.1) for CTP. Area under the SROC curve
was 98 # 2.0% for CTA and 97 # 3.0% for CTP.
CONCLUSIONS: The high diagnostic accuracy determined for both CTA and CTP in this meta-analysis
suggests that they are potentially valuable techniques for vasospasm diagnosis in ASAH. Awareness
of these results may impact patient care by providing supportive evidence for more effective use of
CTA and CTP imaging in ASAH.
ABBREVIATIONS: ASAH $ aneurysmal subarachnoid hemorrhage; AUC $ area under the curve;
CBF $ cerebral blood flow; CI $ confidence interval; CTA $ CT angiography; CTP $ CT perfusion;
DCI$ delayed cerebral ischemia; DOR$ diagnostic OR; DSA$ digital subtraction angiography; ICA$
internal carotid artery; LR $ likelihood ratio; LR" $ negative likelihood ratio; LR! $ positive likelihood
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Aneurysmal subarachnoid hemorrhage is a devastatingcondition affecting as many as 30,000 Americans each
year.1 Despite many advances in the diagnosis and treatment
of ASAH, outcomes for patients remain poor, with mortality
rates as high as 45%–50% and significant morbidity among
many of the survivors.1,2 One of themajor causes ofmorbidity
and mortality in the setting of ASAH is cerebral vasospasm,
with the sequelae of permanent neurologic deficit, infarction,
and death.3
Cerebral vasospasm following ASAH is a complex entity
that can be seen in!70% of patients with ASAH, with typical
onset at 3–5 days after hemorrhage and maximal narrowing
occurring at 5–14 days on DSA.1 However, not all patients
with angiographic vasospasm manifest clinical symptoms.
DCI or symptomatic vasospasm affects 20%–30% of patients
with ASAH. The caveat is that patients do not necessarily have
both clinical and imaging findings of vasospasm and symp-
toms can be nonspecific.4 Therefore, more accurate and reli-
able methods are being investigated for detecting vasospasm.
In the past few years, emerging technology such as CTA and
CTP has been the focus of many research studies published in
the literature. However, it is challenging to draw clear and
Received March 10, 2010; accepted after revision May 30.
From the Department of Radiology (E.D.G., M.R., M.J., C.E.J., J.P.C., P.S.), Weill Cornell
Medical College, New York-Presbyterian Hospital, New York, New York; New York College
of Osteopathic Medicine (R.G.), Old Westbury, New York; Department of Public Health
(M.J., A.M.E., P.S.), Weill Cornell Medical College, New York, New York; and Ludwig
Maximilians University of Munich (J.I.), Munich, Germany.
This work was supported by grant 5K23NS058387–02 from the NINDS, a component of the
NIH. The contents of this work are solely the responsibility of the authors and do not
necessarily represent the official view of NINDS or NIH.
Paper previously presented in part at: Annual Meeting of the Eastern Neuroradiological
Society, August 12–14, 2010, Washington, DC; and the Annual Meeting of the American
Society of Neuroradiology, May 15–20, 2010, Boston, Massachusetts.
Please address correspondence to Edward D. Greenberg, MD, Department of Radiology,
Weill Cornell Medical College, New York-Presbyterian Hospital, 1320 York Ave, 32E, New
York, NY, 10021; e-mail: edg2008@nyp.org








AJNR Am J Neuroradiol 31:1853–60 ! Nov-Dec 2010 ! www.ajnr.org 1853
Greenberg, E. D., Gold, R., Reichman, M., John, M., Ivanidze, J., Edwards, a M., … Sanelli, P. (2010). Diagnostic accuracy of CT angiography and CT perfusion 
for cerebral vasospasm: a meta-analysis. AJNR. American Journal of Neuroradiology, 31(10), 1853–60.  





Diagnostic Accuracy of CT Angiography and CT











BACKGROUND AND PURPOSE: In recent years, the role of CTA and CTP for vasospasm diagnosis in the
setting of ASAH has been the subject of many research studies. The purpose of this study was to
perform a meta-analysis of the diagnostic performance of CTA and CTP for vasospasm in patients with
ASAH by using DSA as the criterion standard.
MATERIALS AND METHODS: The search strategy for research studies was based on the Cochrane
Handbook for Systematic Reviews, including literature data bases (PubMed, Embase, Cochrane
Database of Systematic Reviews, and the Web of Science) and reference lists of manuscripts
published from January 1996 to February 2009. The inclusion criteria were the following: 1) published
manuscripts, 2) original research studies with prospective or retrospective data, 3) patients with ASAH,
4) CTA or CTP as the index test, and 5) DSA as the reference standard. Three reviewers independently
assessed the quality of these research studies by using the QUADAS tool. Pooled estimates of
sensitivity, specificity, LR!, LR", DOR, and the SROC curve were determined.
RESULTS: CTA and CTP searches yielded 505 and 214 manuscripts, respectively. Ten research studies
met inclusion criteria for each CTA and CTP search. Six CTA and 3 CTP studies had sufficient data for
statistical analysis. CTA pooled estimates had 79.6% sensitivity (95% CI, 74.9%–83.8%), 93.1%
specificity (95% CI, 91.7%–94.3%), 18.1 LR! (95% CI, 7.3–45.0), and 0.2 LR" (95% CI, 0.1–0.4); and
CTP pooled estimates had 74.1% sensitivity (95% CI, 58.7%- 86.2%), 93.0% specificity (95% CI,
79.6%–98.7%), 9.3 LR! (95% CI, 3.4–25.9), and 0.2 LR" (95% CI, 0.04–1.2). Overall DORs were
124.5 (95% CI, 28.4–546.4) for CTA and 43.0 (95% CI, 6.5–287.1) for CTP. Area under the SROC curve
was 98 # 2.0% for CTA and 97 # 3.0% for CTP.
CONCLUSIONS: The high diagnostic accuracy determined for both CTA and CTP in this meta-analysis
suggests that they are potentially valuable techniques for vasospasm diagnosis in ASAH. Awareness
of these results may impact patient care by providing supportive evidence for more effective use of
CTA and CTP imaging in ASAH.
ABBREVIATIONS: ASAH $ aneurysmal subarachnoid hemorrhage; AUC $ area under the curve;
CBF $ cerebral blood flow; CI $ confidence interval; CTA $ CT angiography; CTP $ CT perfusion;
DCI$ delayed cerebral ischemia; DOR$ diagnostic OR; DSA$ digital subtraction angiography; ICA$
internal carotid artery; LR $ likelihood ratio; LR" $ negative likelihood ratio; LR! $ positive likelihood
ratio; MeSH $ Medical Subject Headings; MTT $ mean transit time; NA $ not applicable; NIH $
National Institutes of Health; NINDS $ National Institute of Neurological Disorders and Stroke; NPV $
negative predictive value; OR $ odds ratio; PPV $ positive predictive value; QUADAS $ quality
assessment of diagnostic accuracy studies; ROI $ region of interest; SROC $ summary receiver
operating characteristic analysis; STARD $ standards for reporting of diagnostic accuracy
Aneurysmal subarachnoid hemorrhage is a devastatingcondition affecting as many as 30,000 Americans each
year.1 Despite many advances in the diagnosis and treatment
of ASAH, outcomes for patients remain poor, with mortality
rates as high as 45%–50% and significant morbidity among
many of the survivors.1,2 One of themajor causes ofmorbidity
and mortality in the setting of ASAH is cerebral vasospasm,
with the sequelae of permanent neurologic deficit, infarction,
and death.3
Cerebral vasospasm following ASAH is a complex entity
that can be seen in!70% of patients with ASAH, with typical
onset at 3–5 days after hemorrhage and maximal narrowing
occurring at 5–14 days on DSA.1 However, not all patients
with angiographic vasospasm manifest clinical symptoms.
DCI or symptomatic vasospasm affects 20%–30% of patients
with ASAH. The caveat is that patients do not necessarily have
both clinical and imaging findings of vasospasm and symp-
toms can be nonspecific.4 Therefore, more accurate and reli-
able methods are being investigated for detecting vasospasm.
In the past few years, emerging technology such as CTA and
CTP has been the focus of many research studies published in
the literature. However, it is challenging to draw clear and
Received March 10, 2010; accepted after revision May 30.
From the Department of Radiology (E.D.G., M.R., M.J., C.E.J., J.P.C., P.S.), Weill Cornell
Medical College, New York-Presbyterian Hospital, New York, New York; New York College
of Osteopathic Medicine (R.G.), Old Westbury, New York; Department of Public Health
(M.J., A.M.E., P.S.), Weill Cornell Medical College, New York, New York; and Ludwig
Maximilians University of Munich (J.I.), Munich, Germany.
This work was supported by grant 5K23NS058387–02 from the NINDS, a component of the
NIH. The contents of this work are solely the responsibility of the authors and do not
necessarily represent the official view of NINDS or NIH.
Paper previously presented in part at: Annual Meeting of the Eastern Neuroradiological
Society, August 12–14, 2010, Washington, DC; and the Annual Meeting of the American
Society of Neuroradiology, May 15–20, 2010, Boston, Massachusetts.
Please address correspondence to Edward D. Greenberg, MD, Department of Radiology,
Weill Cornell Medical College, New York-Presbyterian Hospital, 1320 York Ave, 32E, New
York, NY, 10021; e-mail: edg2008@nyp.org








AJNR Am J Neuroradiol 31:1853–60 ! Nov-Dec 2010 ! www.ajnr.org 1853
studies. In total, there were 10 research studies included in this
meta-analysis (Table 4).17-26 However, only 6 of these research
studies contained the appropriate data (sample size, sensitiv-
ity, specificity, PPV, and NPV) for inclusion in the statistical
calculations.17-19,23,25,26 The other 4 research studies did not
report the actual data from a 2 ! 2 table or did not report
enough data to reconstruct a 2! 2 table. The 6 research stud-
ies included in the meta-analysis had a total of 141 patients
with 1936 arterial segments analyzed. The mean number of
patients in a study was 23.5 (range, 17–33). These esearch
studies were published between 2000 and 2008. The second
search that evaluated the diagnostic accuracy of CTP for vaso-
spasm yielded a total of 214manuscripts. Again, most of these
manuscripts were not relevant for this meta-analysis due to
our broad search strategy used. Manual searching of the refer-
ence lists from these relevant research studies did not yield any
additional relevant studies. Only 10 of these research studies
were considered relevant for this meta-analysis (Table
5).8,18,25,27-33 Ho ever, only 3 of these research studies con-
tained the appropriate data for inclusion in the statistical cal-
culations.18,25,28 The 3 research studies included in this meta-
analysis had a total of 64 patients. The mean number of
patients in a study was 21.3 (range, 14–27). The research stud-
ies were published between 2006 and 2007.
Qual t ssessment
In the first search that evaluated CTA, the agreement among
reviewers by using the QUADAS tool for assessing the meth-
odologic quality of the CTA research studies was 100% for 10
of the 14 questions, 90% for questions 8 and 13, and 80% for
questio s 1 and 12. In the second earch that evaluated CTP,
the agreement among reviewers by using the QUADAS tool to
assess the methodologic quality of the CTP research studies
was 100% for 12 of the 14 questions and 90% for questions 4
and 6. All disagreements were resolved by the third expert
reviewer in a blinded fashion. The QUADAS tool revealed
several potential sources of bias in the CTA and CTP research
studies. Disease-progression bias was possibly present in 6 of
the CTA and 6 of the CTP research studies because the time
between the criterion standard (D A) and the index test
(CTA) wa too long to be reasonably sure that the target con-
dition (vasospasm) did not change between these tests. Review
bias may also have been present in 6 of the CTA and 6 of the
CTP research studies because the CTA or CTP findings were
possibly interpreted with knowledge of the DSA findings.
Conversely, 7 of the CTA and 8 of the CTP research studies
may have interpreted the DSA with knowledge of the CTA or
CTP findings. In addition, 4 of the CTA and 4 of the CTP
research studies did not report how uninterpretable/interme-
diate test results were analyzed, possibly leading to biased as-
sessment of CTA and CTP test characteristics.
Quanti ative An lysis
CTA.The overall range of reported sensitivity and specific-
ity of CTA for detecting va ospasm in patients with ASAH is
63%–98% and 90%–98%, respectively. The data from thes
CTA research studies had high statistical heterogeneity with
inconsistency index values of 88.2% and 87.6% for sensitivity
and specificity (LR test, P " .001), respectively. Due to this
variability in the data, a random-effects SROCmodel was used
by fitting the pooled accuracy data to a single symmetric SROC
curve (Fig 1). The area under the SROC curve (# SE) and its
Table 4: Summary of the 10 relevant CTA research studies and their statistical results
Authors Patients Segments Sensitivity Specificity PPV NPV Accuracy
Anderson et al17 2000a,b 17 172 57, 64, 100 93, 97, 100 54, 58, 100 93, 98, 100 88, 95, 100
Binaghi et al18 2007b 27 286 87.7 99.2 98.3 94.1 95.4
Chaudhary et al19 2008b 33 886 63 90 43 95 87
Joo et al20 2006 8 24 NA NA NA NA NA
Ko et al21 2003 6 30 60 100 NA 37 NA
Ochi et al22 1997 2 10 NA NA NA NA NA
Otawara et al23 2002b 20 154 NA NA NA NA NA
Takagi et al24 1998 13 NA NA NA NA NA NA
Wintermark et al25 2006b 27 123 75.6 95.3 79.5 94.2 91.4
Yoon et al26 2006b 17 251 97.5 98.1 90.7 99.5 98
a Values given for mild, moderate, and severe vasospasm groups, respectively.
b The study was included in the statistical calculations of the meta-analysis.





ROIs Sensitivity Sp cificity PPV NPV Accuracy
Binaghi et al18 2007b,c 23 23 NA 20, 90 100, 100 100, 100 27.3, 75 92.3
Harrigan et al27 2005 10 17 NA NA NA NA NA NA
Kanazawa el al32 2007 19 26 156 NA NA NA NA NA
Moftakhar et al28 2006c 14 23 NA NA NA NA NA NA
Nabavi et al8 2001 15 59 944 ROIs NA NA NA NA NA
Pham et al29 2006 10 36 NA NA NA NA NA NA
Sviri et al30 2006 46 63 NA 64.5 86 72.5 80.5 NA
Sviri et al31 2006 35 35 420 ROIs NA NA NA NA NA
Wintermark et al33 2008 33 40 200 92 86 79 95 NA
Wintermark et al25 2006c 27 35 630 95.1 90.7 71.3 98.7 91.6
a Several studies analyzed the CTP data using arterial segmental anatomy, whereas other studies used ROIs.
b Values given for mild-moderate and severe vasospasm groups, respectively.
c The study was included in the statistical calculations of the meta-analysis.
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tion of pool d estimates of results from ifferent rese rch
studies that represent the population studied.Overall, another
significa t advantage is to identify the gaps in the current
knowledge in this research field to support further scientific
efforts
Detailed review of the research studies (Tables 4 a d 5)
include in this meta-analysis reveal d study bias and limita-
tions. S veral research studies could not be included in the
statistical analysis beca se insufficient data to create a 2 ! 2
table were reported for CTA20-22,24 and CTP.8,27,29-33 Other
studies did not report the sensitivity, specificity, PPV, and
NPV of CTA23 and CTP.8,29,32 Several biases were identified in
many of the research studies, such as disease progression bias
a d review bias i interpreting both the index test (CTA or
CTP) and the criterion standard (DSA). Given that many of
the research studies had a time interval of"12 hours between
the index test (CTA or CTP) and DSA, disease-progression
bias could be present due to the temporal variation of vaso-
spasm. Review bias may have also been present because the
findings of either the index test or the criterion standard were
determined with knowledge of the other test. A basic premise
of comparing a new technique with the criterion standard is
that the reviewers are blinded to the other test. These biases in
the study design may significantly impact the internal validity
of these research studies and, therefore, bring into question
the quality of the results and conclusions.
In critically evaluating these research studies, a key element
is to assess the characteristics of the study populations. For
example, most of the research studies included in the meta-
analysis performed CTA and CTP imaging on patients with
symptoms of vasospasm. However, Ionita et al35 evaluated
mostly asymptomatic patients in their study, reporting lower
sensitivity and specificity of CTA for detecting vasospasm.
This variability in the study populations of the different re-
search studies has implications for their reported diagnostic
accuracy of CTA and CTP. The characteristics of the study
population should ideally represent the ASAH population for
which CTA and CTP is intended for use in clinical practice.
Otherwise, the external validity of the study is jeopardized,
and the results may not be translatable to other ASAH popu-
lations. Th refore, another methodologic advantage of a
meta-analysis is pooling all the different study populations,
including both symptomatic and asymptomatic patients, in
the meta-analysis calculations, which improves the generaliz-
ability of its results.
There are also statistical adva tages in performing a meta-
analysis by using summary statistics that represent unbiased
pooled estimates of diagnostic accuracy. The pooled estimates
for CTA in the diagnosis of vasospasm were 79.6% sensitivity
and 93.1% specificity, which included data from 6 research
stu ies that had otal sample size of 141 patients and 1936
arterial segments. However, the results of this meta-analysis
were most influenced by the largest study, performed by
Chaudhary et al,19 which included 33 patients and reported
63% sensitivity. The authors accounted for this low sensitivity
of vasospasm detection due to the early time point that CTA
was performe , at 3 days afte adm ssion, which is before the
peak incidenc o vasospasm occurrenc . As a result, there was
a low c dence of m derate or severe vasospasm among their
patients and a relatively low sensitivity and specificity of CTA
compared with other studies. On the other hand, the pooled
estimates for CTP in the diagnosis of vasospasm were 74.1%
sensitivity and 93.0% specificity, which included only 3 re-
search studies that had a total sample size of 64 patients. These
results are not considered conclusive because they are based
on limited data with high inconsistency index values.
If we go 1 step further, DORs were also calculated because
they are not dependent on disease prevalence. High DORs for
CTA of 124.5 and CTP of 43.0 were calculated. However, the
SROCmodel is the most appropriate summary statistic to use
in this meta-analysis because of the diagnostic threshold vari-
ation among the research studies. The overall SROC curve
demonstrates the high diagnostic accuracy of CTA and CTP
with AUCs of 98 # 2.0% and 97 # 3.0%, respectively. The
CTP analysis is based on only 3 studies; therefore, the SROC
curve is of limited value and the 95% CI was not calculated,
representing initial preliminary findings.
There are several limitations in our meta-analysis, includ-
ing the limited number of relevant research studies for the
statistical analysis because of incomplete data reported, high
variability in the methodology, and heterogeneity of the data.
The effects of these limitations are apparent in the wide 95%
CI for the SROC curve. Another limitation is that we confined
our literature search to publications available in the English
Fig 2. Forest plot of the DOR for the CTA meta-analysis. The DOR for each research study is represented by circles. The 95% CI is represented by the horizontal lines through each circle.
The pooled DOR for this meta-analysis is represented by the diamond symbol.
Table 6: Summary of the major quantitative results for CTA and CTP
Sensitivity Specificity AUC
CTA
All vessels 79.6% 93.1% 98.0%
Proximal vess lsa 89.8% 93.3% 95.0%
Distal vess ls 85.5% 92.3% 99.0%
CTP 74.1% 93.0% 97.0%
a Excluding the ICA.
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Q*-point (! SE) were 98% ! 2.0% and 94% ! 4.0, respec-
tively. The pooled estimates were 79.6% sensitivity (95% CI,
74.9%–83.8%), 93.1% specificity (95% CI, 91.7%–94.3%),
18.1 LR" (95% CI, 7.3–45.0), and 0.2 LR# (95% CI, 0.1–
0.4). The random-effects model estimated an overall DOR o
124.5 (95% CI, 28.4–546.4) (Fig 2).
A subanalysis was performed on 5 of the 6 research studies
that had sufficient data to evaluate the diagnostic accuracy of
CTA for proximal and distal vasospasm. The pooled estimates
for proximal vasospasmwere 81.7% sensitivity (95%CI, 73.2%–
88.4%) and 93.7% specificity (95% CI, 91.9%–95.3%). The
area under the SROC curve was 95%. The poo ed estimates
for distal vasospasm were 85.5% sensitivity (95% CI, 77.7%–
91.4%) and 92.3% specificity (95% CI, 89.4%–94.6%). The
area under the SROC curve was 99%. Note that the pooled
estimates of sensitivity increased for proximal and distal vaso-
spasm compared with the overall sensitivity of 79.6% due to
the omission of 1 research study from the subgroup analysis.
All 5 of these research studies included the ICA in their calcu-
lations. However, 2 research studies reported separate sensi-
tivity and specificity for the ICA, acknowledging the difficulty
in the interpretation of vasospasm due to the surrounding
bone. After exclusion of the ICA data from the proximal vaso-
spasm analysis, the pooled sensitivity and specificity were
89.8% (95% CI, 82.5–94.8) and 93.3% (95% CI, 91.2–95.0),
respectively. The area under the SROC was 95%.
CTP. The overall range of reported sensitivity and specific-
ity of CTP for detecting vasospasm in patients with ASAHwas
58%–95.1% and 86%–100%, respectively. The inconsistency
index values for sensitivity and specificity for the CTP research
studieswere 73.7% (LR test,P value$ .022) and 0.0% (LR test,
P value $ .469), respectively. Note that the P value for the
inconsistency index for specificity does not reach statistical
significance, indicating that there may be heterogeneity in
these data. The area under the SROC curve (!SE) and its
Q*-point (!SE) were 97%! 3.0% and 91%! 5.0. Due to the
small sam le size in this meta-analysis, the SROC curve is not
displayed and it was not possible to calculate the 95% CI. The
pooled estimates for the CTP data were 74.1% sensitivity
(95% CI, 58.7%–86.2%), 93.0% specificity (95% CI, 79.6%–
98.7%), 9.3 LR" (95% CI, 3.4–25.9), and 0.2 LR# (95% CI,
0.04–1.2). The overall DOR is 43.0 (95% CI, 6.5–287.1).
Given the small sample size and the heterogeneity in the CTP
data, these results are considered initial preliminary findings.
A summary of themajor qu ntitative results for CTA andCTP
is displayed in Table 6.
Discussion
The following are the major points revealed from this meta-
analysis: 1) The high diagnostic accuracy determined for both
CTA (98! 2.0%) and CTP (97! 3.0%) are considered initial
preliminary findings derived from the current literature, sug-
gesting that CTA and CTP are potentially valu ble techniques
in patients with ASAH. 2) There are few research studies that
met inclusion criteria for this meta-analysis, highli hting the
need for future larger prospective studies to be performed. 3)
The high variability in methodologic quality and reporting
methods demonstrates the importance for future studies to
adhere to the STARD criteria to reduce study bias and
limitations.
Cerebral vasospasm is the leading cause of morbidity and
mortality in patients with ASAH who survive the initial hem-
orrhage. The term “cerebral vasospasm” is commonly used to
refer to both angio raphic vasosp sm and DCI. “DCI” is de-
fined as either an otherwise unexplained clinical deterioration
(ie, a new focal deficit, decreas in level of consciousness, or
both) or a new infarct on CT that was not visible on the ad-
mission or immediate postoperative scan or both.34 “Angio-
graphic vasospasm” is defined as evidence of arterial narrow-
ing compared with the parent vess l or with a baseline
examination. Even though DSA is used as the criterion stan-
dard in many research studies for evaluating the diagnostic
accuracy of CTA and CTP for vas spasm diagnosis, not all
patients with angiographic vasospasmmanifest clinical symp-
toms. This difference in vasospasm definitions may impact
clinical care. Currently, the diagnosis of vasospasm and man-
agement decisions in clinical practice relies on clinical exami-
nation, transcra ial Doppler sonography, and DSA. Some in-
stitution are also using CTA and CTP to improve their
detection of vasospasm. Several research studies in the litera-
ture have focused on evaluating CTA and/or CTP for vaso-
spasm diagnosis by comparing with DSA. However, th meth-
odologic quality and results of these studies vary significantly;
this variation akes it difficult to compare the quality of stud-
ies and accurately summarize th diagnostic performance of
CTA and CTP in pati nts with ASAH. U fortunately, this dif-
ficulty can lead to a lack of consensus in the use of CTA and
CTP imaging in clinical practice. Given this variability in the
literature, a systematic review and meta-analysis can be help-
ful in assessing the methodologic quality of these studies and
estimating the overall diagnostic accuracy of CTA and CTP
compared with DSA.
There are many advantages in performing a meta-analysis,
including improved generalizability to the population and the
ability to control for study variation. The statistical advant ges
include greater statistical power to detect an effect and deriva-
Fig 1. SROC curve for the CTA meta-analysis. Each black diamond represents an indivi u l
research study in the CTA meta-analysis, with the size of the diamond directly proportional
to the sample size of the study. The best fit curve (middle curve) lies between the other
2 curves, which demarcate its 95% CI. The circle denotes the Q*-point.
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Publicações com meta-análise na 
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The Cochrane Library www.cochrane.org 
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–  PRISMA http://www.prisma-statement.org 
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Como é que a ATS pode influenciar a 
imagem médica? 
–  Prática baseada na evidência 
–  Avaliação económica 
–  A tomada de decisão e governança 
–  A avaliação de tecnologias em saúde e inovação 
Conclusões  
-  ATS é conduzida por grupos interdisciplinares utilizando 
quadros analíticos explícitos, a partir de uma variedade de 
métodos 
-  Vários métodos e técnicas de pesquisa estão disponíveis 
para ATS na imagem médica 
-  As revisões sistemáticas e meta-análise são uma tendência 
e constituem métodos de pesquisa com valor para a ATS 
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